The main impetus of the present research work is to highlight the Power Quality (PQ) behavior of the three four-level modules connected in parallel where, a DC source available at load side of each module is replaced with a 100 kW SPV module. The transient behavior study has been under taken in all the three phases during the faulted period of simulation. The role of Dynamic Voltage Restorer (DVR) into the PQ evaluation has been investigated. DVR action has been controlled by Proportional Integral (PI) controller whereby this action has been able to control voltage-current waveforms at three bus-bars. The study on real power flow among the three modules, utility grid and a three phase load has been undertaken during the single line to ground fault grid side. Additionally, the reactive power compensation has been demonstrated using the three modules. Reactive power requirement of the load is also met from the utility grid operating at unity power factor. Finally, harmonics study has been highlighted using the fast fourier transform tool of Matlab simulation at all bus-bars. The harmonics level has been studied and has been found that the level of harmonics is less than 5% at all voltage and current levels.
INTRODUCTION
Renewable energy resources are increasingly becoming popular due to the gradual depletion of fuel sources and the damages to the environment due to their use. As a result of the negative impacts of global warming and climate changes, the interest in renewable resources has been increased gradually. Energy from Solar Photovoltaic (SPV) is one of the potential alternative energy sources. This is largely environment friendly and does not generate any toxic or harmful substance that pollutes the environment.
Reference [1] reports that multilevel inverters supplied from equal and constant DC sources almost do not exist in practical applications. The variation of the DC sources affects the values of the switching angles required for each specific harmonic profile, as well as increases the difficulty of the harmonic elimination's equations. This paper presents an extremely fast optimal solution of harmonic elimination of multilevel inverters with non-equal DC sources using a novel Particle Swarm Optimization (PSO) algorithm. The penetration of SPV's in electric power generation is continually increasing [2] . Tracking maximum power point in SPV systems is an important task and represents a challenging problem. In Maximum Power Point Tracking (MPPT), the duty cycle of DC-DC converter is adjusted in away that maximum achievable power is extracted from SPV system. In [3] , the assessment on impact of photovoltaic distributed generation connection on the power quality indices of distribution networks, such as: long term voltage variations (voltage conformity issues) and voltage unbalance is done. This paper aimed to evaluate the use of photovoltaic-battery storage systems to supply electric power in the distribution grid through a multilevel inverter [4] . In [5] , it is discussed that the power systems are submitted to current and voltage harmonics due to the increased presence of nonlinear loads and the wide use of power inverters to interface solar and wind power plants. The application of SPV as a source, discussed in [6] , of electrical energy in the Distributed Generation (DG) systems are gaining more attention with the advances in power electronics technology. A single phase multilevel inverter configuration is proposed in [7] that conjoins three series connected full bridge inverter and a single half bridge inverter for renewable energy application especially SPV system. In [8] , a proposal for an approach of a grid connected SPV control scheme, that provides optimal SPV power and high quality of current injected into the grid and, therefore, high power quality is highlighted. This paper mainly discusses the implementation of multilevel inverters in simulink environment, with emphasis on the importance of Power Quality (PQ). The procedure of SPV modeling has been discussed using the voltage current and power voltage characteristics. It also presents the discontinuous phase control inverter [9] in grid interactive mode. Any rectifier system can be made to work as inverter by changing the switching angle. The topologies are presented and discussed in detail. The impact of single line to ground fault at phase Y is presented for the developed system. Additionally, it highlights the importance of Dynamic Voltage Restorer (DVR) in the mitigation of PQ issues. The DVR operation has been reported by simulating the proposed system. Waveforms are obtained at various points of Point of Common Coupling (PCC) and Total Harmonic Distortion (THD) analysis is discussed.
II. AN INTRODUCTION TO A SOLAR PHOTOVOLTAIC CELL
A solar cell is the basic building block of solar photovoltaic module. A SPV cell can be considered as a two terminal device, which conducts like a diode in the dark and generates a photo voltage, when charged by the sun. Individual cells are usually connected into a series string of cells (typically 36 or 72) to achieve the desired output voltage. The complete assembly is usually referred to as a module. The modules serves another function of protecting individual cells from water, dust etc. as the solar cells are placed into an encapsulation of single or double flat glasses. A typical Current-Voltage (I-V) characteristic of the SPV cell for a certain ambient irradiation G and a certain fixed cell temperature T, is shown in Figure 1 . For a resistive load, the load characteristic is a straight line with scope I/V=1/R. It should be pointed out that the power delivered to the load depends on the value of the resistance only. However, if the load R is small, the cell operates in the region M-N of the curve, where the SPV cell behaves as a constant current source, almost equal to the short circuit current. On the other hand, if the load R is large, the cell operates on the regions P-S of the curve, the SPV cell behaves more as a constant voltage source, almost equal to the open-circuit voltage.
Figure 1 A typical I-V curve for a Solar cell [10]
The Power-Voltage (P-V) characteristic of a SPV array is nonlinear and time-varying because of the variation caused by solar radiation and temperature. Thus, the linear control theory cannot be easily used to obtain the voltage for operation on the maximum power point MPP of the SPV array [11] . To solve this problem, several methods have been developed to continuously track the MPP [12] [13] [14] [15] [16] [17] . These methods are called MPPT methods, which are the essential part of solar SPV grid connected systems. The most popular MPPT methods in SPV systems are Perturb & Observe (P&O) and Incremental Conductance (IC).
III.
SIMULINK SYSTEM CONFIGURATION As depicted in simulink diagram, Figure 2 , the three four level sub-modules multilevel converter systems are made to operate as inverter when the switching angle of each thyristor is made to operate at an angle greater than 90. On the DC side of each module, a 100 kW SPV array is connected, which is controlled by IC MPPT technique to extract the maximum real power output under changing temperature and solar radiation levels. Also, a multi winding transformer has been employed, which introduces an appropriate isolation between the primary winding and secondary windings. A Inductance Capacitance Inductance (LCL) filter is implemented to reduce the level of harmonics at the PCC. A single line to ground fault is introduced at phase Y between the switching period t=0.040 s to t=0.050 s. A normal series RLC load is connected at the PCC between the three phase grid and supply coming from modular multi level converter systems. In order to estimate the voltage and current measurement levels at PCC, three-phase VI measurement block is implemented in Matlab simulation at PCC. A three phase active power and reactive power measurement block in Matlab is also implemented at PCC for grid, load and modular multi level converter systems. Table 1 shows the general specifications chosen for the single SPV array. A 100 kW array capable to generate real power of this capacity is implemented with each of module converter system. The evaluation of the proposed system has been done at 90 kW real power at 440 V and 50 Hz fundamental frequency. Further, the load generates no extra capacitive reactive power for improvement of voltage profile, however, absorbs 30 kW inductive reactive power. It is found that IC MPPT has been able to derive the power from SPV arrays which is added up at the PCC for all the three modules connected. From Figure 5 a), the maximum value of the real output power generated by utility is 80 kW (shown by red line). The real power requirement of the load (green line) coincides with that of utility during the impact of fault. It may be noted that no real power is being generated by the three modules (blue line). Similarly, Figure 5 b) shows the reactive power behavior where it is shown that reactive power is being absorbed by the three modules. Maximum value of reactive power generated by the load and utility grid is 30 kW and 28 kW, respectively. The impact of the fault is visible in the time duration t=0.050 s to t=0.078 s. Figure 6 depicts the proposed system in which PI controlled DVR is connected at utility side through a multi winding transformer. In order to carry the study of the proposed system, the simulation has been performed in Matlab 2010 [18] version using various blocks of available library. The basic function of DVR (a series active filter) is to inject the series voltage component of desired amplitude, frequency and phase, [19] between PCC and grid in series with the utility or load voltage. The essential part for wellperformance of controller in DVR is the sag-detection circuit [20] . Voltage sag must be detected fast, and corrected with a minimum of false operations. A forced commutated Voltage Source Converter (VSC) is considered in the DVR along with energy storage to maintain the capacitor voltage. The DVR is connected at bus bar-3 through a multi winding linear transformer. The utility grid is maintained at 440 V 50 Hz and working at unity power factor. It is evident that the distortion has been removed which had earlier been visible in these waveforms due to the presence of single line to ground fault. This is due to the fact, that DVR action has resulted the injection of voltage grid side, whereby has its effect on all current waveforms at PCC due to unity power factor operation of utility. It can be seen that the maximum amplitude of these waveforms remains at 1 per unit, with no distortion. Thus, DVR action has been justified in the mitigation of unbalanced sags, swells, and transients. Figure 9 a) shows the real output power of the utility grid having maximum power of 80 kW. Thus, the dip in the waveform of real output power has been removed. There has been the consumption of the real power on RL load of each module due to which the real power generated by the three modules has been around 18 W. However, from Figure 9 b), the reactive power is being generated by the three modules around -1500 VAR. This shows that the objective of reactive power compensation is achieved by the application of three modules connected in parallel. Also, the reactive power requirement of the load is met from the reactive power from the utility. (a) (b) Figure 9 Figure 10 a) shows the real output power of the single module. It can be seen that the nature of the real power is sinusoidal with maximum amplitude of 7 W. However, as discussed above also, the reactive power generated by each module is greater more than the real power with maximum amplitude of 27 VAR, Figure 10 b) . Figure 10 c) shows the level of the total DC voltage across the three SPV modules. The nature of this DC link voltage across the capacitors is variable in nature due to the fact that the input to the SPV module varies with change in the solar radiation and ambient temperature levels. Table 2 shows the harmonics level at each point of PCC. It is clear that the level of harmonics is below 5% as specified in the IEEE standard-519/1992. The IEEE standard-519/1992 stipulates that the level of the harmonic injected into utility should be less than 5%. Thus, DVR action is justified in controlling the harmonics at all points of PCC. V. CONCLUSION This paper has mainly highlighted the PQ behavior of the three four-level modules connected in parallel where, the DC source load side of each module is replaced with a 100 kW SPV module. At PCC, the voltage and current behavior has been observed during the presence of single line to ground fault at one phase. In addition, the real power and reactive power study has been carried out. It has been found that there is no real power being generated by the three modules. The transient behavior exists in all the three phases during the faulted period of simulation. The purpose to carry out the present study is to demonstrate that any DC source when replaced with a SPV source, the developed system is able to generate the multiple voltage levels at the output due to the fact, that the there is continuous generation of energy from any SPV source under changing atmospheric conditions. The investigation has been carried by the role of DVR into the PQ evaluation for three four level modular multilevel converter systems. DVR action controlled by PI controller has been able to control the voltage and current waveforms at all points of PCC.
Figure 2 Computational simulink block diagram for three modular multilevel converter systems, with three SPV arrays under single line to ground fault

IV. SIMULATIONS RESULTS AND DISCUSSION
(a) (b) (c) Figure 3 Without DVR control uncompensated a) 3-φ modular output current b) 3-φ load current c) 3-φ output grid current, with IC MPPT control during fault
(a) (b) (c) Figure 4 Without DVR control uncompensated a) 3-φ output voltage single module b) 3-φ output load voltage c) 3-φ output utility voltage, with IC MPPT control during fault (a) (b) Figure 5 a) Real and b) reactive power output waveforms from single module, connected load and utility
Simulink System Configuration with DVR
Figure 6 Computational simulink block diagram with DVR and three modular multilevel converter systems, with three SPV arrays under single line to ground fault
(a) (b) (c) Figure 7 With DVR control compensated a) 3-φ modular output current b) 3-φ load current c) 3-φ output grid current, with IC MPPT control during fault
(a) (b) (c) Figure 8 With DVR control compensated a) 3-φ output voltage single module b) 3-φ output load voltage c) 3-φ output utility voltage, with IC MPPT control during fault
a) Real and b) reactive power output waveforms from overall three modules, connected load and utility
(a) (b) (c) Figure 10 a) Real output power and b) reactive output power waveforms from single module c) Total DC link voltage
